Within the past ten years, appreciable geophysical evidence has accumulated to suggest that some slabs subduct into the deep mantle, and that certain mantle plumes originate in the lower mantle. Despite this progress in understanding geodynamics on the geophysical front, there is still much debate regarding the existence of corroborating geochemical evidence. If some plumes rise from the core-mantle boundary and there is chemical interaction between the core and mantle, it is possible that such plumes could contain a unique fingerprint that is characteristic of the core. Unequivocal identification of a core component in a plume-derived rock could potentially settle major questions in geodynamics. Here we review geochemical tools that would likely be sensitive to such interactions, and consider possible causes of, and mechanisms for core-mantle interaction.
Consideration of Tools for Detecting Core-Mantle Interaction
Probably the most sensitive suite of elements for geochemically identifying possible core contributions to plumes are the highly siderophile elements (HSE = Pt, Re, Os, Ir, Pd, Ru, Rh, Au), and certain moderately siderophile elements (MSE) such as Ag and W. The HSE are so termed because of their extreme affinity for metal relative to silicate, with bulk distribution coefficients >10 4 . Because of the extreme preference of the HSE for metal relative to silicates, the formation of the core nearly quantitatively sequestered the Earth's HSE, and also likely dominates the budget of MSE. Mass balance is, therefore, potentially optimal for detection of core additions to the mantle. The high affinity for iron also means that the relative abundances of these elements in the bulk core are probably little fractionated compared to chondritic meteorites, or the bulk earth. Formation of the inner core, however, may have fractionated the HSE, as occurred in differentiates of asteroidal cores sampled by iron meteorites .
Discovering a unique isotopic fingerprint of the outer core using HSE and MSE is a promising means of identifying a core component in rocks collected from Earth's surface. Pt t ½ = 460 b.y.) may be useful in identifying the presence of an evolved outer core component in mantlederived rocks [Walker et al., 1995] . This hypothesis is based on conclusions from the study of asteroidal core crystallization and both low and high-pressure experimental studies indicating that Pt/Os and Re/Os ratios may be substantially higher in the outer core than in chondritic meteorites or the silicate mantle, as a consequence of inner core crystallization.
If an inner core with substantial mass formed within ~2 b.y. of planetary formation, the outer core could exhibit coupled 187 Os and 186 Os enrichments of >7% and >0.01%, respectively, relative to non-radiogenic isotopes of Os, as compared to chondrites. The degree of isotopic enrichment would reflect both the cumulative formation age of the inner core, and the magnitude of partitioning of these elements between solid and liquid metal. It is now possible to measure Pt-Re-Os partitioning between liquid and solid Fe metal alloys at relatively high pressures, although still well below core conditions. Work at 100 kbars indicates that the relative and absolute partitioning characteristics of these elements are not sensitive to pressure [Walker, 2000] . The magnitude of partitioning, however, is strongly correlated with S and P content. Os similar to those predicted have been detected in putative plume-derived rocks related to the 251 Ma Siberian flood basalt event, the 89 Ma Gorgona Island (Colombia) komatiites, and picritic rocks of the Hawaiian plume [e.g. Brandon et al., 2003] .
The 186 Os-
187
Os "test" for core material, however, is not without its weaknesses. It requires relatively early crystallization of the inner core, which is contrary to some current models for the timing of inner core crystallization. Furthermore, processes other than coremantle interaction can be envisioned to explain some observations [Smith, 2002] . Consequently, Os isotopes cannot serve as the sole arbiter of core additions to plumes, and the addition of other isotopic tracers to the study of core-mantle interaction may be critical to unambiguously identify an outer core component. For this task, so called "short-lived" isotope systems are likely the best hope to confirm a core signature implicated by Os isotopes. [Schersten et al., 2004] , however the magnitude of 182 W depletion may be less than current mass spectrometric resolution.
Investigation of physical mechanisms of core to mantle transfer.
Whether or not isotopic signals from the core are recognizable in rocks at the Earth's surface, it is interesting to consider how core material could be reincorporated into the mantle. Physical entrainment of metal into a rising plume via capillary action has previously been considered [Walker et al., 1995] . This mechanism seemingly would link HSE and MSE content with Fe and Ni. Other possible mechanism that may not result in such linkages need also be explored. The materials from Earth's surface we examine for their core signature have been oxidized so they no longer contain metal. Mechanisms in which the oxidative step is intimately connected to the process of escape from the core may be important. Such processes include oxidative exsolution, oxidative titration and electrochemical transfer.
Secular cooling of the Earth with core solidification will eventually precipitate buoyant saturating oxides or oxide liquids This oxidative exsolution from the core as it cools could cause transfer of siderophile material from core to mantle. The cause of the transfer would be the decrease in O 2 solubility in very high pressure metallic liquid with falling temperature, as the core cools. This putative transfer mechanism supposes as a base-line assumption that O 2 is appreciably soluble in the liquid metal of the outer core. An important question then, is whether oxygen is soluble in liquid Fe at high pressure? It is well known that FeO is only sparingly soluble in Fe liquid near its melting point at 1 bar. Experimental information on the pressure variation of oxygen solubility has been highly controversial.
Increasing oxygen solubility with pressure for several 10s of kbars pressure and projected high and increasing solubilities for oxygen with pressure to several hundreds of kbars has been previously noted [Ohtani and Ringwood, 1984] . When pressure levels to 250 kbars were eventually examined with multi-anvil (MA) techniques, however, oxygen solubilities seemed to decrease with increasing pressure [O'Neill et al., 1998 ].
In contrast to the multi-anvil studies, diamond anvil cell (DAC) studies at significantly higher pressures [Knittle and Jeanloz, 1991 ] inferred a nearly quantum upward leap in oxygen solubility above 300 kbar. The onset of high solubility was correlated with the initiation of a reaction between Mg-Fe perovskite and liquid Fe that proceeds only at P > 300 kbar -beyond the P range of the multi-anvil observations.
Quantitative determination of the solubility of oxygen in liquid metal has not yet been satisfactorily resolved experimentally. The present state of the analysis does not permit a quantitative prediction of how large FeO solubility becomes, nor do quenching problems with the MA and DAC experiments allow meaningful direct determinations of the oxygen solubility at lower mantle pressures and temperatures. Alternate experimental strategies to determine oxygen solubility in the outer core have been proposed [Walker, 2005] , but await action. At the present state of knowledge, it is reasonable to suppose that secular cooling and exsolution of oxide liquid/crystals from the core contribute to core/mantle transfer, however, if the megabar solubility of oxygen in liquid metal remains modest, then this mechanism is probably not significant in generating core to mantle exchange.
Another mechanism to consider for driving transfer to the mantle is to simply inject oxygen-rich material into the outer core, causing oxidative titration. Morse (2000) imaginatively explored scenarios involving highly ferrous magma cupolas at the base of the mantle. Such basal fluxing baths are an attractive locus for transfer. Should highly oxidized slab tops find their way to the base of the mantle and be processed through one of these cupolas on top of the core, or the core-mantle boundary (CMB), oxidative titration with transfer of siderophile material from the core to the mantle would be a plausible consequence. Oxide-rich magma chambers thought to exist at the CMB, atop the outer core, would provide an ideal transfer medium for digestion of oxidized input, causing oxidative corrosion of the outer core's surface. The corrosion product would be the physical manifestation of the geochemical kick the oxidized material may give to core-to-mantle transfer, irrespective of core cooling. This would eliminate the need to have substantial temperature dependence to the solubility, a requirement if cooling is to generate much precipitate. In the titration scenario, the limit on the yield is no longer the solubility or its temperature dependence, but the delivery efficiency of reactants to the CMB. Low oxygen solubility would make the titrative precipitation of core material more responsive to the input stream of oxidized slab material. It is interesting to imagine that the biosphere could have some impact on the Earth's core.
One final mechanism to be considered for driving core-to-mantle transfer of matter is electrochemical transfer. The dynamo produces a voltage across the CMB interface and chemical transport must occur. Electrochemical transfer mechanisms can send material in either direction depending on the strength and polarity of the field, which changes in time and space (Kavner and Walker, in review) . Very little data currently exist with regard to the transfer of trace elements. So this is a topic that will require much future investigation. Os in chondrites and the outer core. Trend for outer core is based on iron meteorite analogy and assuming early growth of inner core. Crosses represent compositions at 1 billion year intervals. Data for Gorgona, Hawaiian and Siberian systems are from Brandon et al. (2003) and references cited therein. Figure 1 
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